Summary. Solving the Vehicle Routing Problem (VRP) is a key to efficiency in transportation and supply chain management. The VRP is an NP-hard problem that comes in many guises. The VRP literature contains thousands of papers, and VRP research is regarded as one of the great successes of OR. Vehicle routing decision support tools provide substantial savings in society every day, and an industry of routing tool vendors has emerged. Exact methods of today cannot consistently solve VRP instances with more than 50-100 customers in reasonable time, which is generally a small number in real-life applications. For industrial problem sizes, and if one aims at solving a variety of VRP variants, approximation methods is the only viable approach. There is still a need for VRP research, particularly for large-scale instances and complex, rich VRP variants. In this chapter, we give a brief general introduction to the VRP. We then describe how industrial requirements motivate extensions to the basic, rather idealized VRP models that have received most attention in the research community, and how such extensions can be made. At SINTEF Applied Mathematics, industrial variants of the VRP have been studied since 1995. Our efforts have led to the development of a generic VRP solver that has been commercialized through a spin-off company. We give a description of the underlying, rich VRP model and the selected uniform algorithmic approach, which is based on metaheuristics. Finally, results from computational experiments are presented. In conclusion, we point to important issues in further VRP research.
Introduction
Efficient transportation logistics is increasingly important in society of today. In the EU, the transportation sector amounts to more than 10 % of the GDP and employs 10 million people [26] . In Norway, there are some 17,000 transportation companies with total revenue of 44 billion NOK. In 2002, the volume of lorry based road transport was 12.7 billion ton-kilometers. Total capacity utilization was 46.7 % [45] . Transportation demand is not geographically balanced in Norway. This is one important reason for the low utilization. Moving to the global picture, lack of coordination is another major reason for low efficiency. With few exceptions, transportation planning is performed manually today. However, sophisticated software tools for route design are now implemented at an increasing rate.
Solving The Vehicle Routing Problem (VRP) is a key to efficient transportation management and supply-chain coordination. In broad terms, it deals with the optimal assignment of a set of transportation orders to a fleet of vehicles and the sequencing of stops for each vehicle. The objective is to minimize total transportation costs. Often, it is a combination of fleet acquisition / depreciation costs and driving costs for the routing plan. The VRP has a large number of real-life applications and comes in many guises, depending on the type of operation, the time frame for decision making, the objective, and the types of constraint that must be adhered to. Outside of transportation logistics, the VRP has less intuitive but still important applications, e.g., in robotics and VLSI design.
The VRP is a computationally hard, discrete optimization problem. It is highly unlikely that an algorithm that solves any VRP instance to optimality in reasonable time will ever be found. According to most qualified researchers, there exists no VRP algorithm that guarantees to find an optimal solution in polynomial time of instance size for an arbitrary instance. From a mathematical perspective, this is somewhat dissatisfactory. Depending on VRP variant, exact methods today have a practical size limit of 50 -100 orders. We cannot expect that this limit will be increased substantially. On the other hand, our ability to find good solutions to practical variants of the VRP, given a reasonable response time, has increased tremendously since the problem was introduced by Dantzig and Ramser in 1959 [18] . This is not only due to a general increase in computing power, but also to substantial methodological improvements in exact methods and heuristics for the VRP.
VRP research is regarded as one of the great successes of Operations Research. The results have lead to a tool industry in route design and fleet management, through which VRP research results yield huge economical and environmental savings. Vendors of routing tools with optimization typically claim a cost savings potential of 5 % -30 %. The huge transportation volumes illustrated above will make even 2 % savings substantial.
The "engine" of an advanced routing tool is a VRP solver, i.e., a software component with functionality for modeling instances of targeted variants of the VRP and finding feasible, optimized solutions to a given instance. The effect of a given routing tool is highly dependent on the quality of its VRP solver. First, the applicability and flexibility of the tool is determined by the richness of the underlying VRP model, i.e., to which degree it expresses aspects of real-life routing applications. Second, the algorithmic performance of the VRP solver, for instance measured as quality of the objective as a function of CPU time for typical instances, determines the logistics improvement
